Hyphococcus flavus gen. nov., sp. nov., a novel alphaproteobacterium isolated from deep seawater 
The order Parvularculales was first established by Cho and Giovannoni [1] with the type species Parvularcula bermudensis of the type genus Parvularcula, family 'Parvularculaceae'. At the time of writing, according to LPSN (http://www.bacterio.net/index.html) [2] , this order only has one family 'Parvularculaceae', which comprises two genera including genus Amphiplicatus and Parvularcula. During previous work by our lab, Zhen et al. [3] isolated a novel strain from a salty hot spring and established the genus Amphiplicatus with it. Up to now, this genus only comprises one species A. metriothermophilus which is Gram-staining-negative, non-spore-forming, thermophilic, motile with a single flagellum and has ubiquinone-10 as the major respiratory quinone. Genus Parvularcula consists of five species with validly published names: P. bermudensis [1] , P. lutaonensis [4] , P. dongshanensis [5] , P. oceani [6] and P. flava [7] . Members of this genus are Gram-stainingnegative, non-spore-forming, chemoheterotrophic, coccoid to short rod-shaped, motile with one polar flagellum, has C 18 : 1 !7c as the most abundant fatty acid and has ubiquinone-10 as the major respiratory quinone. In contrast to the genus Amphiplicatus, all members of genus Parvularcula were isolated from marine environments. In this study, we present a polyphasic study describing a novel strain HSF6 T which belongs to a novel species of a novel genus, Hyphococcus flavus gen. nov., sp. nov., within the family 'Parvularculaceae' of Alpha-proteobacteria.
Strain HSF6
T was isolated from the deep seawater sample, which was collected in October 2011 from the South China Sea (19 22¢ N 115 38¢ E) at the depth of 2.5 km. The water sample was diluted using standard dilution-plating method [8] , spread on modified marine agar and incubated at 28 C. The modified marine agar contained (per litre distilled water): yeast extract 0.5 g, peptone 0.1 g, ferric citrate 0. T ) used in this study were obtained from our previous work [3, 7] .
Gram reaction was tested by using the Gram staining method as described [7] . Cell morphology was examined by optical microscopy (BX40; Olympus) and transmission electron microscopy (JEM-1230; JEOL) using exponentially growing cells incubated on MA for 48 h with the hanging drop method. In the hanging drop method, cells were immobilized and stained by uranyl acetate but absent of an embedding matrix. Growth at various NaCl concentrations (0, 0.5, 1, 1.5, 2, 2.5, 3, 3.5, 4, 6, 8 and 10 %, w/v) was determined in the NaCl-free MMB (prepared according to the MMB formula, but without Na + or Cl -) with different NaCl concentrations. The pH range for growth was determined with an interval of 0.5 by adding 40 mM 2-(N-morpholino) ethanesulfonic acid (MES; BBI, pH 5.0-6.0), 3-(N-morpholino) propanesulfonic acid (MOPS; BBI, pH 6.5-7.5), Tricine buffer (BBI, pH 8.0-8.5) and 3-(cyclohexylamino)À 2-hydroxy-1-propanesulfonic (CAPSO; BBI, pH 9.0-10.5) to MMB, respectively. The temperature range for growth was determined in MMB at 4, 10, 15, 20, 25, 30, 35, 37, 40, 45, 50 and 55 C. The temperature, pH and NaCl ranges for growth was monitored by measuring OD 600 in a UV/Visible Spectrophotometer (Ultrospec 6300 pro, Amersham Biosciences). Anaerobic growth was detected by using the Hungate roll-tube technique with modified marine agar [9] . Cultures were incubated for over 15 days under pure N 2 .
Oxidase activity and catalase activity was determined according to methods by Sun et al. [10] . Degradation of starch, L-tyrosine, alginate and hydrolysis of Tweens 20, 40 , 60, 80 were tested as described [3] . Nitrate reduction, urease activity and the ability to hydrolyze aesculin, casein and gelatin were determined as described [11] . GN2 MicroPlates (Biolog) were used to detect the utilization of organic substrates according to the manufacturer's instructions. Original media (AUX medium) and artificial seawater were mixed at equal volumes as the basal medium to suspend cells for the GN2 MicroPlate test. Artificial seawater contained (per litre distilled water): 20 g NaCl, 5 g MnCl 2 Á2H 2 O, 2 g MnSO 4 Á7H 2 O, 0.5 g CaCl 2 and 1 g KCl. Additional physiological characteristics and enzyme activities were tested by API 20NE and API ZYM trips (bioM erieux) which were observed after 48 h and 4 h, respectively.
Cells of strain HSF6
T and the reference strains used for the analysis of fatty acids methyl esters (FAMEs) were obtained from cultures incubated in 500 ml flasks containing 250 ml MMB at 30 C until exponential phase, and analyzed according to the instructions of the Microbial Identification System (MIDI, Microbial ID, USA) with the standard MIS Library Generation Software version 4.5. The polar lipids were extracted, separated on silica gel 60 F 254 plate (10Â10 cm, Merck) and further analyzed as described [12] . Isoprenoid quinones were analysed using reversed-phase HPLC as described [13] .
Genomic DNA was collected using the method according to Sun et al. [14] . The 16S rRNA gene was amplified by PCR and sequencing with bacterial universal 16S rRNA gene primer 27F (5¢-GAGAGTTTGATCCTGGCTCAG-3¢) and 1492R (5¢-TACGGYTACCTTGTTA CGAC-3¢) [15] . The almost complete 16S rRNA sequence of strain HSF6
T was identified using EzTaxon-e service [16] and NCBI GenBank database. Phylogenetic trees were reconstructed by the neighbour-joining (NJ) [17] , maximum-parsimony (MP) [18] and maximum-likelihood (ML) [19] methods with the MEGA 5 program package [20] . Evolutionary distances were calculated according to the algorithm of the Kimura twoparameter model [21] for the neighbour-joining method. To test the phylogenetic tree reconstructed by MEGA, AllSpecies Living Tree LTPs123 and database arb-6.0.6 were used as the reference, SINA webserver [22] and ARB software [23] were used for the alignment of 16S rRNA gene sequences into LTPs123 and generation of a new maximum-likelihood phylogenetic tree, respectively. For the measurement of G+C content, genomic DNA was hydrolyzed with P1 nuclease (Sigma). The nucleotides were dephosphorylated with calf intestine alkaline phosphatase (TaKaRa). The G+C content of these deoxyribonucleosides was determined by reversed-phase HPLC and calculated from the ratio of deoxyguanosine (dG) and thymidine (dT) [24] .
T were Gram-staining-negative, aerobic, non-spore-forming bacteria, and had two different cells including rod-shaped cells and coccoid-shaped cells. Rodshaped cells were 0.5-0.8 µm in width and 1.5-2.0 µm in length without any prosthecates or flagellum (Fig. 1) . Coccoid-shaped cells were 0.5-1.0 µm in diameter with one to four prosthecates and one to three flagella (Fig. 1 ). Cells were multiplied by binary fission. Colonies were 1-2 mm in diameter, smooth, circular, convex and yellow after growth on MA at 30 C for 3 days. Strain HSF6 T was found to grow at 15-37 C (optimum, 25-35 C), pH 5.0-9.5 (optimum, pH 7.0-7.5) and with 0-8 % (w/v) NaCl (optimum, 2 %). The respiratory quinone of strain HSF6
T was determined to be ubiquinone-10 (Q-10, >99 %). The polar lipids of strain HSF6 T were monoglycosyldiglyceride (MGDG), sulfo-quinovosyl diacylglycerol (SQDG), three unknown glycolipids (GL1-3) and five unknown lipids (L1-5) (Fig. S1 , available in the online Supplementary Material). Other physiological and biochemical characteristics of strain HSF6
T were included in the species and genus description.
A comparison of the physiological and biochemical characteristics between genus Hyphococcus (strain HSF6 T ) and related genera in family Hyphomonadaceae and 'Parvularculaceae' is shown in Table 1 . They all share many similarities, such as strains in all genera were aerobic, isolated from saline environments and grow optimally in medium with different concentration of Na + , and contain C 18 : 1 !7c as the major abundant fatty acids and ubiquinone-10 as the predominant respiratory quinone. But, Genus Hyphococcus also have some characteristics which can differentiate them from genera in family Hyphomonadaceae. For example, unlike strains in family 'Parvularculaceae' which are well-known for the distinct feature that one cell could separate into two behaviourally different siblings (some have one prosthecae but nonmotile, the others are flagellated but without prosthecae), [34] ). S, Seawater; M, Mud slough; DS, Deep seawater; SS, Surface seawater; SD, Sediment; B, Brackish water; C, Coral; H, Hot spring water; CH, Coastal hot spring water; BF, binary fission; Bud, Budding; PG, phosphatidylglycerol; DPG, diphosphatidylglycerol; GUDG, glucuronopyranosyl diglyceride; MGDG, monoglycosyl diglyceride; SQDG, sulfo-quinovosyl diacylglycerol; TAU, a-D-glucuronopyranosyl diacylglycerol taurine amide; +, positive in some species; +++, positive in all species; -, negative in all species; ND, no data available. *Data from previously work using same methods [35] . †Data from previously work using same methods [3] . ‡Data from Abraham et al. [30] . §Data from Alain et al. [25] and Li et al. [26] . ||Data from Schlesner et al. [32] . ¶Data from Kang and Lee [33] and Park and Yoon [34] .
characteristics including NaCl concentration for growth, catalase, nitrate reduction, hydrolysis of aesculin, Tween 40 and Tween 80, production of cysteine arylamidase and utilization of different substrates were found to differentiate strain HSF6
T from reference strains. Specifically, strain HSF6
T could grow without NaCl, while all reference strains must have NaCl to grow. The values of fatty acid patterns in strain HSF6
T and reference strains are shown in Table 3 . There are great differences between the isolate and the reference strains. The major fatty acids (>10 %) of strain HSF6 T showed the differences between the isolate and reference strains, respectively. The great amount of 11-methyl C 18 : 1 !7c in strain HSF6
T could be a significant feature to distinguish strain HSF6
T from H. baltica DSM 5838
T , and the relatively higher proportions of C 16 : 0 being the most abundant fatty acid in A. metriothermophilus GU51
T , differentiate it from the isolate clearly. In addition, other fatty acids in some strains (C 12 : 0 in P. bermudensis KCTC 12087 T , C 19 : 0 cyclo !9c in A. metriothermophilus GU51 T , C 15 : 0 in H. baltica DSM 5838 T and C 18 : 1 !9c, C 17 : 0 and C 17 : 1 !8c in M. maris DSM 4734 T ) also showed the distinction between the reference strains and strain HSF6
T .
According to the 16S rRNA gene sequence analysis, strain HSF6 T was a novel species of a novel genus within the family 'Parvularculaceae' of Alpha-proteobacteria. In the 16S rRNA gene sequence alignment, strain HSF6
T was most closely related to genus Parvularcula with similarity ranging from 91.0 to 91.8 %. The phylogenetic trees, using 16S rRNA gene sequence, reconstructed with all three treeing methods (NJ, MP and ML) showed that strain HSF6
T constituted a separated branch in the family 'Parvularculaceae' (Fig. 2) T . Unless stated otherwise, data were obtained from this study under identical growth conditions. Fatty acids that represented <1 % in all strains were omitted. Fatty acids that represented >10 % were in bold. -, not detected. TR, trace amount (<0.1 %). *Data from previously work using same methods [35] . †Data from previously work using same methods [3] . ‡Summed Features represent groups could not be separated by GLC with MIDI system. Summed Feature 3 contains one or more of C 16 : 1 !7c and/or iso-C 15 : 0 2-OH. 
